We consider a circular waveguide whose radius a(z) = a(1+Es(z)) varies periodically with the axial coordinate z. Chatard-Moulin and Papiernik have introduced a perturbation expansion in powers of £ for the longitudinal impedance of such a waveguide. We have reformulated the derivation of this expansion in a manner which elucidates the structure of the higherorder terms, and allows the determination of the dependence on £ of the resonant frequencies. We begin by assuming an axial current density,
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We consider a circular waveguide whose radius a(z) = a(1+Es(z)) varies periodically with the axial coordinate z. Chatard-Moulin and Papiernik have introduced a perturbation expansion in powers of £ for the longitudinal impedance of such a waveguide. We have reformulated the derivation of this expansion in a manner which elucidates the structure of the higherorder terms, and allows the determination of the dependence on £ of the resonant frequencies. For a square-wave (SWJ) wall distortion, there are divergent coefficients in the perturbation expansion. Hence, a special treatment is required in this case, and we present a calculation of the resonant behavior for small £, using an approach which does not assume an expansion in powers of £. The resulting expression for the resonant impedance involves functions singular at E=O; however, to leading order in £, the lossfactors and resonant frequencies are in agreement with the perturbation theory of ref. We begin by assuming an axial current density,
where cylindrical coordinates (r,(,z) are employed. where g(r) = r/2irp2(r<p), and g(r) = 1/2Trr (r>p),
and Im is the modified Bessel function. In order to derive an infinite set of linear equations for the unknown coefficients Bp, we substitute (6) into the boundary condition (5) . It is useful to define Let us now consider the square wave (SW) perturbation of the wall studied by Keil and Zotter.5 We take the shape function s(z) equal to unity for O<z<g, and to zero for g<z<L. Its Fourier coefficient, falls off slowly at large p, resulting in the divergence of the coefficients in the perturbation expansion (14). This divergence indicates that the impedance considered as a function £ is singular at the origin for the SW perturbation.
In order to make sense of the perturbation expansion, it is necessary to introduce a large p cutoff Pmax and to perform a partial summation including leading terms in Pmax for all orders of s. After completing the summation, Pmax is allowed to go to infinity and a finite result is obtained. This procedure has been applied in ref. 4 Here we shall present a more direct treatment6 of the SW distortion, focussing our attention on the resonant behavior at high frequencies. Our objective shall be to make contact with the perturbation theory results of Eqs. (19 -21). In the "tube region" (O < z < L, r < a) we express the EM-fields in terms of coefficients Bp using Eq. (6). In the "cavity region" (0 < z < g, a < r < b -a(1+6)), the fields are written in terms of coefficients 1n)
The functions fn(z) = (2/gr'2 cos(n7rz/g), n > 1, and fo(z) = (1/g)1 are orthonormal on 0 < z < g. We have defined, 
Pade' approximants7 have been used to analytically continue the perturbation expansion into the entire interval o < c < 1. In Fig. 1 , we plot the ratio of the [10/10] Pade' approximant to the result of secondorder perturbation theory.
